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Abstract

Requirements engineers should work towards specifications of systems which address
both utility (relevance to user needs) and usability (e.g. learnability, efficiency). Our
limitations in predicting human behaviour prevent us from preparing a user-centered spe-
cification from first principles. We argue that developers can improve on the situation by
reusing the discovered knowledge itself, as well as reusing the processes of obtaining and
using that information. The focus of this paper is internationalisation. We describe the
design of a repository of cultural knowledge, and a pattern language which captures the
process of acquiring that knowledge. Finally, we demonstrate our vision for these tools
with an hypothesised scenario.

1 Introduction

A system is born when a general need or opportunity arises. For example, a company might
realise it needs to improve its inventory-tracking process, or a shrink-wrap manufacturer may
decide that there is a market need to provide a browser for first-time web users. Software
requirements for such a system must be based on an understanding of who the users are and of
the tasks they wish to perform, or there can be no guarantee of a usable product. Information
about users is required to refine the basic description of the system into a detailed specification.

It is not always easy to obtain accurate user information. Users are often busy people,
especially when they have a high profile in their organisation. Devoting time to interviews may
be regarded as time wasted, or higher priority issues may take precedence. Even when users
are consulted, human nature is so complex that it can be difficult to predict how people will
react to the new system when it is delivered.

A tension therefore exists between the desire to produce user-centered requirements and
the principle of specification before implementation. Typically, this is resolved by iterative
lifecycle models, but this form of development can cause the program to degrade into a com-
plex, unmaintainable mass of code if change requests are continually accommodated. Change
is inevitable, and it is important to build flexible systems which do not constrain designers
unnecessarily.



To avoid unnecessary changes, we need to improve our ability to predict user responses and
attitudes towards the system. This paper suggests that we should reuse existing knowledge to
achieve this goal. User experiences with implemented applications can facilitate future work.
The “future work” might be a later version of the application, a separate program with the
same users, or a separate program with users who are different but have similar characteristics.
All three cases are plausible. Specifically, we are arguing the following:

e Developers should establish organisation-wide repositories of knowledge about their user
base—“User Profile Repositories”.

e Processes are required to guide the repository’s use; a repository alone is insufficient.

e Pattern languages represent an effective way to describe the process associated with the
repository, as well as the repository itself.

2 What can Requirements Engineers Reuse?

2.1 Requirements Reuse: Previous Work

There are already some usability-oriented approaches to reuse, such as Sutcliffe and Carroll’s
notion of classifying and reusing claims [13]. An example of a claim is Rare evenl monitor,
which describes the use of warnings to inform the user of infrequent, dangerous events. The
upside and downside of such claims can be explored and claims can be accumulated into a
library. Pattern languages such as Tidwell’s [14] interaction design patterns also facilitate reuse
of usability-related concepts. The Interaction History pattern, for instance, suggests that
the sequence of user interactions should be captured in certain situations.

The user profile repository discussed here is orthogonal to claims and usability patterns,
though those techniques can support how the repository is used. The intention of a repository is
to capture details about the characteristics of the users a developer caters for. This information
can then be used in subsequent re-design and can also feed into other projects with similar user
bases. Consider a developer who produces a portfolio of financial products for home users.
After a market forecasting tool is released, the help desk receives numerous calls from users
who find the language in the online help too technical. Access to this kind of information can
be helpful not only for future versions of the forecasting tool, but also for other products aimed
at the same market.

2.2 Illustrative Example: Capturing user characteristics relevant for
internationalised software

In a previous paper, we described how the cultural variable impacts on both functional and

non-functional requirements, and proposed a repository as a means of supporting the interna-

tionalisation process [9]. Such a repository is now under development, and is described in this
section.

2.2.1 Database structured according to Cultures and Factors

In [9], we described how a culture can be classified into overt and covert factors, following a sim-
ilar classification by Yeo [15]. Overt factors are tangible, obvious features of a culture such as



units of measurement. Covert factors are complex, ill-defined characteristics like mental dispos-
ition. We refined overt factors into six factors: time, language, writing, measures, formatting,
and external systems. Covert factors was broken into mental disposition, perception, social
interaction, context of use.

The repository is structured according to these factors, with a many-to-many relationship
between cultures and factors. This makes it easy to support several standard operations:

e Search for keywords or use a more sophisticated query mechanism.

e Select a culture and see how it varies according to each factor. This would be useful for
someone tailoring an application for a new market.

o Select a factor and see how each culture varies according to that factor. Sometimes,
adding a new feature requires someone to consider how it will affect different cultures.
An artist creating an icon for a new feature needs to know how every supported culture
will interpret it.

e Select a combination of cultures and factors.

Since the information is stored in a database, it is relatively easy to support a new retrieval
mechanism if the need arises.

2.2.2 Web-based interface

The repository is web-based, which has the following advantages over a paper-based equivalent:

e The repository can easily be shared across the entire organisation, even if staff are geo-
graphically scattered.

No special software is required, just a regular browser.

e The interface is familiar to virtually all users.

Hypertext can document associations between related entities.

e The user can explore the information space in different ways.

2.2.3 A user-modified, dynamic website

In a keynote speech at APCHI 98, Gerhard Fischer challenged the HCI community to design
technology which extend users’ horizons beyond the status of “couch potatoes”; in other words,
to facilitate active design, rather than passive consumption [5]. An example is the Dynasites
framework [12], which helps to create sites which users can directly edit. The distinction
between users and contributors becomes blurred.

The internationalisation repository supports the notion of community ownership by provid-
ing a discussion forum for each piece of information. A single statement is present for each cul-
ture (e.g. Australia), each factor (e.g. language), and each culture-factor pair (e.g. Australian
language). The statement effectively summarises the viewpoint of interested user-contributors.
The corresponding discussion forum is a series of comments which can clarify the statement or



suggest new points. At present, it is planned that the site-wide administrator will feed com-
ments back into the statement. Future versions should enable trusted users to directly alter
the statement, and the site administrator will simply monitor changes.

The version under development already distinguishes between contributors according to
whether or not they have created an account and whether their email address is known. The
level of trust determines whether or not their comments can be placed immediately on the site.
Also, it forms an indication for users as to the validity of a discussion point. Other information
provided alongside each point is: the date it was entered, the statement on that date (which
may have undergone revision), and the user name and email address if known. Also, it will be
possible for user-contributors to rate the statement’s validity as an extra guide.

2.3 Extending the Repository Concept

The repository described above would help developers who deliver software internationally.
However, the general approach to capturing user needs is more general. Consider once again
the developer of financial software. Although it was stated that its market is “home users”,
there are in fact many kinds of home users: some people do tax returns once a year, others
trade shares on a daily basis. Marketers refer to such groups as segments and use them to
guide design as well as other activities, e.g. targeted advertising campaigns [2]. User profiles
might also relate to roles such as “receptionist” or “purchase planner”, rather than a set of
characteristics. Software methodologies sometimes refer to such models as “actor” [7]. Other
methodologies mix characteristics with roles, as in Constantine and Lockwood’s “user roles
models” [3].

In general, a user profile repository can be structured according to a classification of
users. Developers should make repositories common to all projects where users are similar
in nature, rather than forming project-specific repositories. This approach maximises potential
for information-sharing and reuse. In reality, people do not fit neatly into categories. However,
modelling users in this way can be a helpful starting point. A user who seems to belong to two
different categories still benefits from both categories having been considered. The software
should still be made flexible enough to accommodate individual needs. This is one of the topics
addressed in the following section.

3 Supporting Knowledge Reuse with Patterns

3.1 A Process to Complement the Repository

A user profile repository acts as a central point for storing knowledge. If it is well-organised,
it can prevent a requirements engineer having to reinvent the wheel in order to discover some
piece of information about users. It can answer questions such as:

e What do users know about topic T?
e What topics are related to topic T?

o Where was this information discovered? What is the supporting evidence?

However, many issues remain open. For example:



e How can the information be used to formulate or refine requirements?
e If new information is required, how can it be obtained?
e What can be done to avoid stereotyping users into fixed classifications?

Essentially, the missing information is techniques and processes by which the repository can
be used. According to Cybulski, there are three phases in the requirements reuse cycle [4]:

Analysis Finding components which can be reused and determining how they can be gener-
alised.

Organisation Storing and retrieving components along with associated classification and
searching mechanisms.

Artefact Synthesis Selecting a component by choosing among candidates, adapting the res-
ult, and integrating it into the rest of the artefact.

A repository on its own helps with organisation, but does not tell people how to use it. There
are different solutions to this dilemma. One might be to produce supplementary guidelines for
usage. However, this still does not help with overall process. A quality assurance or management
plan might be the appropriate way to treat this issue, but it will not deal with guidelines.

A more integrative approach is offered by the pattern language paradigm. This technique
considers recurring design problems, the forces which designers must resolve, and solutions
which have previously proven successful. Patterns originally arose in the field of building
architecture. An exampleis A Place to Wait [1]. The context, i.e. situation when this pattern
applies, is a place where people have to wait. One force is that people waiting cannot leave the
area, while a conflicting force is the fact that the timing of the event is uncertain. When people
are waiting together for a doctor or administrator, these forces combine to form an anxious
situation for participants. A solution, i.e. a way to resolve these forces, is to draw people
in who are not waiting. An example is a hospital which built a neighbourhood playground
doubling as a children’s waiting area. (Italics indicates standard attributes of design patterns.)

The solution of a pattern may suggest more, lower-level, problems to solve. This leads to
more patterns. A Place to Wait leads to Street Cafe, for instance. Combining patterns in
this way leads to a pattern language, which will provide explicit guidance from high-level to
low-level issues. Pattern languages have been applied to software architecture [6], and more
recently to higher-level issues such as software usability (e.g. Tidwell’s patterns mentioned
earlier [14]). To illustrate how patterns can help in the context of user profile repositories, we
now describe a pattern language which supports the internationalisation repository.

3.2 Illustrative Example: A Pattern Language guiding use of the
Internationalisation Repository

Figure 1 shows the relationships among patterns in the Planet pattern language for developing
internationalised software [10]. Arrows in the figure indicate dependency. Thus, the arrow from
Targeted Element to Universal Default means that Targeted Element solves one problem,
and opens up a new problem which is solved by applying Universal Default.
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Figure 1: A map of the Planet pattern language for Software Internationalisation.

It is beyond the scope of this paper to explain the patterns in full detail. What follows is
a summary of the intention of each pattern, with references to other patterns being shown in
Typewriter font.

1. Export Schedule: Produce a schedule which indicates when each targeted culture will
be supported, and how important it is to support each targeted culture.

2. Culture Model: Construct models of cultures which are relevant to your projects. When
you discover new information about a culture, add it to the culture model.

3. Vector Metamodel: Determine the dimensions of cultures that interest you, and char-
acterise each Culture Model as a vector with a value for each dimension.

4. Online Repository: Create an online repository, accessible to the entire organisation.
Compose it of Culture Models all based on the same Vector Metamodel.

5. Multicultural System: Identify culture-dependent features of the functionality and
user-interface. Create an appropriate form of each feature for each target culture. Package
the various forms together according to A11-In-0One.

6. Flexible Function: When you generate a new function, check if it is culture-specific, and
if so, refine it to meet the needs of your target cultures.

7. Elastic User-Interface: Design the overall structure for the user-interface flexibly, so
that GUI elements can subsequently be re-defined and rearranged without massive code/design
changes.



8. Targeted Element: For each abstract element contained in the Elastic
User-Interface specification, provide an instantiation targeted to each culture in the
Export Schedule.

9. Universal Element: For each culture-dependent feature, make a default which is univer-
sally meaningful.

10. Language Policy: Form a policy explaining to what extent each culture will be sup-
ported, i.e. how much will be translated to the culture’s primary and/or secondary languages.

11. Meaningful Metaphor: Since metaphors should relate to everyday experience, tailor
metaphors to meet cultural expectations.

12. All-In-One: To keep the software as flexible as possible and avoid stereotyping users,
produce one version with all forms of all features, so the user can tweak settings to their own
needs. To accelerate the process, provide a profile of default settings for each target culture.

13. Citizen ID: To decide which cultural profile to use, determine the user’s culture on first
use and ensure the choice persists until the user changes it.

14. Simultaneous Feature: To support domains or users which deal with more than one
culture, present a feature in more than one form at the same time.

To illustrate the form of a pattern, a representative pattern—Flexible Function—isshown
below.

Pattern Name Flexible Function

Context: You are producing a Multicultural System and an Online Repository has
been established. You have begun to specify the user-interface according to Elastic
User-Interface or you feel that it is more appropriate to specify functionality before
the user-interface.

Problem: A culture-sensitive user-interface may contribute to usability, but it is still possible
that the software does not support the tasks users would like to perform, i.e. lacks utility.
These tasks and the context in which they occur can be related to culture.

How do you ensure the software performs functions which are meaningful and
useful to people from different cultures?
Forces: o Software is typically written with specific domains in mind, whether broad (e.g. a
spreadsheet) or narrow (e.g. a code inspection tool).
e Domains—whether broad or narrow—are not homogeneous with respect to culture.

e Usability is also influenced by the user’s culture, and usability derives from more
than just the user-interface. Flexible searching, for instance, cannot be achieved just
by applying Elastic User-Interface.



Solution: When you generate a new function, check if it is culture-specific, and if
so, refine it to meet the needs of your target cultures.

Break the requirements phase into several smaller stages. This way, you can progress
incrementally, so that planning for the subsequent stage can take into consideration the
cultures mentioned in the Export Schedule. Whenever you create a new requirement or
refine an existing one, consider its impact on the target cultures. Some cues which might
suggest culture is an important factor include:

e a requirement depends upon legislation (a taxation rule).

e a requirement implies an organisational role (only certain people are authorised to
shut down the assembly line).

e a requirement is based on a philosophical stance (a teacher can annotate text, but
students cannot [11]).

e a requirement is underpinned by certain ethical values (an employee’s actions will

be logged).

This process may generate new questions about cultures which the repository should be
consulted to solve. If it cannot solve them, seek the most important answers by alternative
means (e.g. interviews with domain experts) and update the repository. Once the answers
to these questions are known, you will be in a better position to refine the requirements.
Your initial idea for a requirement may form the basis of a suitable default, but you may
need to extend it to satisfy all target cultures.

Examples: Time-keeping variations imply more than just differences in user-interfaces. Each
supported calendar format requires functionality dedicated to handle standard operations
(e.g. finding weekday from date, incrementing date). The situation becomes even more
complex when differences in other areas, like timezones and work cycles, are considered.

Currency differences can lead to complicated functionality, especially when conversions
are required. The introduction of the Euro is a familiar example.

Nielson discussed a French educational product which enables teachers to annotate poems
[11]. He noted that in some countries, it would more appropriate to give students the
same ability. The decision to include this kind of functionality rests on cultural values
such as attitudes to learning and authority.

Resulting Context: Iterate between this pattern and Elastic User-Interface until you
are satisfied with the functionality and user-interface structure. Establish a Universal
Default for each function in case the user’s culture has not been specifically catered for.

3.3 Pattern Languages for Other Repositories

The Planet language demonstrates how patterns can be used to deliver practical guidance to
developers wishing to reuse knowledge about their user base. The language guides the overall
lifecycle because it contains clear starting points, and individual patterns advise developers
where to look after they have been applied. The pattern solutions provide cues to help de-
velopers determine what they should look for in the repository, and how the information might
be obtained if it is not present.



Since patterns are combinations of artefacts and process, they are also a convenient way
to describe the repository itself. Planet achieves this with Online Repository, Vector
Metamodel, and Culture Model. Patterns, by their nature, facilitate a reusable process. In
this application of patterns, reuse is even stronger because the process happens to be based
around a repository which itself facilitates reuse.

Just as the internationalisation repository could be adapted to consider characteristics other
than culture, so can many of the ideas represented by Planet be generalised. One general feature
of Planet is that it is based on continually feeding back new information about users into the
repository as it is learned. This is based on the view that real-life organisations cannot justify
employing full-time staff to work on reusable components; instead, the library of components
should be enhanced during everyday developments [8]. This principle is quite general, and could
apply to a financial software company learning about its typical users. Thus, it is an example
of the general nature of Planet in guiding repository usage.

Having said this, it should be noted that the Planet patterns can be used independently of
the repository concept, even though we have chosen to explain the repository within Planet. A
different developer trying to capture users characteristics could modify the patterns to reflect a
different lifecycle or other concerns. In fact, there is no requirement to support the repository
with patterns. We argue, however, that patterns provide an elegant way to do so.

4 A Scenario for Requirements Reuse

Following is an envisionment scenario to show how the repository and the pattern language
work together.

David is a requirements engineer at Factory Expressware, an Australian company providing
off-the-shelf productivity tools to manufacturers. The company has focused only on local cus-
tomers to date, and has asked David to investigate the possibility of entering the Asian market
with the existing Stafl-Register program for performance monitoring and payroll management.
David decides to create an internationalisation repository and apply the Planet language.

The starting point is to establish an Export Schedule. He explains to the marketing
department and senior managers that the software development will progress more smoothly
if they can provide any guidance about future plans. After some deliberation, the marketing
department gives him a tentative schedule: full Japanese and Chinese versions within twelve
months, with other countries flagged as possibilities, at least for partial versions.

David looks at Staff-Register and, following the Vector Metamodel pattern, begins to write
down dimensions of culture that he will be interested in. Some are the general overt and covert
factors such as units of measurement and mental disposition. Other culture-varying factors are
specific to the product, e.g. How are organisations structured? What variables are used to
monitor staff?

After management sets up local agencies in the target market, David flies out and interviews
the new staff to help him build up Culture Models. He also has access to some potential
customers. In each country, he gathers information according to dimensions he is interested in.
For instance, he visits a factory and looks at hard-copies of performance reviews to see what
variables are considered. The culture models evolve and are placed into the repository.

When David returns, he considers how the requirements must be changed to reflect what
he has learned. First, he considers what new functionality is required (Flexible Function).
Since taxation laws change the nature of employee payment, he refines the existing specification



to provide more flexible payment arrangements. After looking at functionality, he moves on
to the user-interface (Elastic User-Interface). He found that in some countries, managers
were evaluating the performance of workers whom they did not know very well. Usability will
be enhanced by including a photograph of the worker, he reasons, and therefore specifies a
user-interface which is “elastic” enough to show a photograph if desired.

Work continues over several months, with remaining patterns being applied and earlier
patterns being revisited. The repository is continually updated as new information comes in.
Eventually, the product is released, and management is happy with the result. At this point,
the overall approach has helped David to structure his work.

However, it is a decision by management which brings out the full potential of the approach.
Happy with the initial work on Staff-Register, several other products are scheduled for export,
including an accounting package and an inventory monitor. Much of the material about users
and their domain has already been discovered. General issues like currency are known, as are
details specific to the manufacturing industry. Some of this will not be directly applicable,
such as which variables are used in performance reviews. Others will save a lot of work, e.g.
information on taxation laws. The fact that David will not have to re-obtain such details is only
part of the benefit. A potentially more important advantage is that the Staff-Register program
has already been implemented and tested in a real situation. If David hears complaints, he can
update the repository accordingly. This allows undeveloped products to benefit directly from
results of full-product testing. Thus, the problem of not being able to anticipate human needs
becomes much less critical.

As for future versions of Stafl-Register, these too will benefit. In expanding from English-
only text to text in Chinese and Japanese, David could have required fonts only in those
languages. However, the wiser choice of Unicode allows adaptation easily for other countries.
If David used the Export Schedule effectively, he would have set in place flexible functionality
and user-interface structures capable of adapting to the new cultures.

5 Conclusion

We have explained how user profiles can be maintained in a dynamic repository. This approach
ensures that information gained during one project can be reused in the next project. Currently,
this may be done via the memory of engineers or occasional cues in earlier documentation.
However, a more formal mechanism will maximise reuse potential and avoid over-reliance on
key personnel. Using the repository in conjunction with a pattern language provides a strong
degree of support for the overall process.

The repository and pattern language discussed throughout this paper are specifically focused
on cultural issues. However, they also act as templates, and developers could easily adapt
them to consider other aspects of users. The internationalisation repository will be publicly-
accessible, but a company could set up its own private repository. Aside from protecting its
intellectual property, the benefit would be that information is specific to the company’s user
base. This means the attributes within the repository will be specific, as in the detail about
performance reviews in the Section 4 scenario. The disadvantage, of course, is that the approach
denies organisations the chance to learn from others’ experiences. A hybrid approach might
eventually be possible.
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